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$V DQ DOWHUQDWLYH WR FODVVLF LQWHUQDO UHLQIRUFHPHQWV VXFK DV VWHHO URGV RU H[WHUQDO UHLQIRUFHPHQWV )53ILEHU
UHLQIRUFHG SRO\PHUV &)53FDUERQ ILEHU UHLQIRUFHG SRO\PHUV>@ WKLV SDSHU SURPRWHV WKH XVH RI SODVWLF VWUDSV
FRPPRQO\ XVHG LQ WKH VKLSSLQJ DQG SDFNDJLQJ LQGXVWULHV ZLWFK DUH VLJQLILFDQWO\  FKHDSHU KDYH D JUHDW WHQVLOH
VWUHQJWKDQGDUHHDVLO\UHF\FODEOH
*OXHODPLQDWHGWLPEHUIXUWKHUUHIHUUHGWRDVJOXODPDQGSURYHVWREHWKHPRVWHIILFLHQWZD\RIXVLQJZRRGZLWK













8VLQJ WLPEHUIRU WKHFRQVWUXFWLRQRIEULGJHGHFNVRIIHUVHYHUDODGYDQWDJHVFRPSDUHG WRFRQYHQWLRQDOPHWKRGV
VXFKDVIRUPLQSODFHFRQFUHWHGHFNVPDLQO\WKDWQRIRUPZRUNRUORVWWLPHGXULQJWKHFRQFUHWHVFXULQJSURFHVVLV
UHTXLUHGRQFHWKHDEXWPHQWVDUHGRQHVRWKDWWKHQHZRUUHSODFHPHQWVWUXFWXUHFDQEHGHSOR\HGUDSLGO\
2WKHU DGYDQWDJHV DUH WKH XVH RI OLJKWZHLJKW DQG VPDOOHU HUHFWLRQ HTXLSPHQW GXH WR LW¶V ORZHU GHDGZHLJKW DV
FRPSDUHG WR VLPLODU VWHHO RU UHLQIRUFHG FRQFUHWH VWUXFWXUDO HOHPHQWV DQGPRVW RI DOO WKH HOLPLQDWLRQRISUREOHPV
DVVRFLDWHGZLWKWKHFRUURVLRQRIVWHHOGHFNHOHPHQWVRUUHLQIRUFLQJVWHHOLQXVHGLQWKHFRQFUHWHGHFNWKDWLVFDXVHG
E\WKHXVHRIGHLFLQJVDOWV







7KHPDLQ DGYDQWDJHV RYHU VWDQGDUG VWHHO UHLQIRUFHPHQWV DUH WKH SULFH VLQFH WKH\ DUHPDGH RXW RI RQH RI WKH
FKHDSHVWPDWHULDOVWKDWH[LVWVXSHULRUUHVLVWDQFHWRFRUURVLRQDQGRWKHUKDUPIXODJHQWVDQGDOVRORZVHOIZHLJKWVLQFH
LWLVLPSRUWDQWWRXVHWKHOLJKWHVWPDWHULDOVSRVVLEOHLQRUGHUWRORZHUWKHEULGJH¶VGHDGZHLJKW
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7KH WZR ORDGLQJ F\FOHVZHUHPHDQW WR VWXG\ WKH UHLQIRUFHG EHDPV FDSDELOLW\ RI UHWXUQLQJ WR LWV LQLWLDO VKDSH
PHDQLQJ ]HUR GHIOHFWLRQ DIWHU WKH ORDG ZDV UHPRYHG )RU WKH ILUVW F\FOH WKH ORDG ZDV LQFUHDVHG XQWLO D  PP
GHIOHFWLRQZDVREWDLQHGIROORZHGE\DQLPPHGLDWHXQORDGLQJRIWKHHOHPHQWDQGWKHVHFRQGRQHVLPLODUWRWKHILUVW
F\FOHZLWKWKHGLIIHUHQFHWKDWWKHWDUJHWHGGHIOHFWLRQZDVPP
1RW RQO\ WKDW WKH UHLQIRUFHG EHDPV VKRZHG DQ LPSURYHG HODVWLFLW\ DQG UHFRYHU\ EXW WKH ERQGHG SRO\HVWHU
UHLQIRUFHGEHDPVZHUHWKHRQO\RQHVWRUHWXUQWR]HURGHIOHFWLRQDQGLWZDVXQGHUPLQXWHVDIWHUWKHORDGZDV
UHPRYHG DV QRQ UHLQIRUFHG EHDPV VWLOO KDG
VRPH UHPDLQLQJ GHIOHFWLRQ HYHQ DIWHU VHYHUDO
KRXUV
$W WKH ILQDO VWDJH RI WHVWLQJ VXSHULRU




IDLOXUH RFFXUUHG VXGGHQO\ DQG ZDVPDQLIHVWHG
E\ORQJLWXGLQDOFUDFNVWKURXJKRXWWKHHOHPHQWV
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3URSRVHGPRGXODUEULGJHVWUXFWXUH
)RUWKHSURSRVHGEULGJHVWUXFWXUHWKHPDLQHOHPHQWVWKDWIRUPWKHGHFNDUHVRPHGLIIHUHQWVL]HGUHLQIRUFHGJOXH
ODPLQDWHGEHDPV WKDWZHUHSUHVHQWHG HDUOLHUZLWFK DUH VWUHVV ODPLQDWHG WRJHWKHUZLWK WKHKHOSRI WKUHDGHG VWHHO
URGVLQRUGHUWRIRUPDVROLGGHFN>@UHLQIRUFHGE\PRGXODUODWHUDOWUXVVHVWKDWDUHDOVRWKHKDQGUDLOV











0RGXOHV DUH FRQQHFWHG WRJHWKHU XVLQJ
EROWHG MRLQWV DQG DGGLWLRQDO VWHHO SODWHV ZKHQ
QHHGHGWRSURYLGHWKHH[WUDWHQVLOHVWUHQJWK
$OWHUQDWHG JOXH ODPLQDWHG WLPEHU EHDPV
ZLWKGLIIHUHQWKHLJKWVFRXOGEHXVHGVRWKDWWKH
GHDG ORDG LV UHGXFHG DQG WKDW WKH PDWHULDO LV
XVHG PRUH HFRQRPLFDOO\ DQG WKHUHIRUH PRUH
UHVSRQVLEO\
7KH SUHVWUHVVLQJ URGV FRQQHFW QRW RQO\ WKH















$ FRPSDUDWLYH VWUXFWXUDO DQDO\VLV RQ D FRQFUHWH GHFN YHUVXV WKH WLPEHU VWHHO FRPSRVLWH GHFN ZDV PDGH WR
GHWHUPLQHWKHLUEHQGLQJFKDUDFWHULVWLFVDQGGHWHUPLQHWKHDGYDQWDJHVRIWKHSUHYLRXVSURSRVHGEULGJHVWUXFWXUH
4.1. Data input 






7KH LQWHUQDO IRUFHVGXH WR/0PD\ WKHQEHPRUH FULWLFDO FRPSDUHG WR WKRVHRI/0/0 LV DSSOLHG DW DQ\






















RQ UHLQIRUFHGJOXH ODPLQDWHG WLPEHU EHDPV XVLQJ3(7 VWUDSV JOXHERQGHGSRO\HVWHU VWUDSV LQRUGHU WR FUHDWH DQ
HIILFLHQW OLJKWZHLJKW FRPSRVLWHEULGJH VWUXFWXUH WKDWXVHV UHF\FOHGDQG VXVWDLQDEOHPDWHULDOV IRU DJUHHQHUZD\RI
EXLOGLQJIRUWKHIXWXUH
7KHVH V\QWKHWLF VWUDSV KDYH DQ LPSUHVVLYH WHQVLOH VWUHQJWK RI DURXQG  1PP DQG DUH VLJQLILFDQWO\
FKHDSHUWKDQDQ\RWKHUPDWHULDOVXFKDVVWHHORUVWDQGDUGILEHUUHLQIRUFHGSRO\PHUV)53DQGFDUERQILEHUUHLQIRUFHG
SRO\PHUV&)53
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